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a b s t r a c t
It is estimated that Asia will be the home of more than 100 million people with type 2 diabetes by the year
of 2025. This region combines a high proportion of the world’s population with rapidly rising diabetes
prevalence rates. The increase in diabetes in Asia differs from that reported in other parts of the world:
it has developed in a shorter time, in a younger age group, and in people with lower body-mass index
(BMI).
Studies reported that for the same BMI, Asians have a higher body fat percentage, a prominent abdom-
inal obesity, a higher intramyocellular lipid and/or a higher liver fat content compared to Caucasians.
These characteristics may contribute to a higher predisposition to insulin resistance at a lesser degree of
obesity than Caucasians. The differences in body composition are more pronounced depending on the
region. For the same BMI, among three major ethnic groups in Asia, Asian Indians have the highest bodynvironment
etabolic syndrome
fat, followed by Malay and Chinese.
Lower insulin sensitivity is already observed in Asian Indian adolescents with a higher body fat and
abdominal obesity compared to Caucasian adolescents. In general, Asian adolescents share the same fea-
ture of body composition such as higher body subcutaneous fat, lower appendicular skeletal muscle and
lower gynoid fat compared to Caucasian adolescents. This unfavourable body composition may predis-
pose to the development of insulin resistance at later age. Genetics may play a role and the interaction with
environmental factors (changes in lifestyle) could increase the risk of developing the metabolic syndrome.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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By the year 2025, 300 million people will have diabetes and
mong them more than 100 million people live in Asia [1]. This
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oi:10.1016/j.maturitas.2009.12.012region combines a high proportion of the world’s population with
rapidly rising diabetes prevalence rates [2] due to the pronounced
demographic, epidemiologic and socioeconomic changes in recent
decades [3]. The increase of diabetes in Asia differs from that
reported in other parts of the world: it has developed in a shorter
time (3–5-fold increase within 30 years), in a younger age group
(45–64 years old), and in people with a lower body-mass index
(BMI) compared to that in Western countries [3].
BMI is significantly correlated with adiposity [4,5] and can pre-

























































16 S.N. Wulan et al. / Ma
re taken into account [6]. Excess adiposity (body fat) has been
hown to be an independent risk factor for diabetes, cardiovascu-
ar disease, dyslipidaemia and hypertension [7]. The phenomenon
n Asians, is most likely due to a higher percentage of body fat
ccumulation at a given BMI level compared to Caucasians [8], as
ointed out by a series of comparative studies from Deurenberg
t al. [9–11]. Hence, the relationship between body fat percentage
nd BMI is ethnic-specific [12]. Increased body fat percentage may
ffect individuals differently due to differences in genetic make-up,
ntra-uterine (developmental) environment, or dietary and physi-
al activity patterns [8].
. Comparative studies in body composition and fat
istribution
.1. Body composition
Numerous comparative studies reported that for the same BMI,
ge and gender, Asians had a higher body fat percentage compared
o Caucasians. The studies were performed among South Asian Indi-
ns/Pakistani [13–18], East Asian Hong Kong Chinese [19], Japanese
20], Korean women [21] and Taiwanese [22] as well as Southeast
sian Indonesian [23], Singaporean [11] and Philipino [24]. Some
tudies reported no differences [11,25,26].
For the same BMI as Caucasians, the body fat percentage in
sians would be 5–7% higher in Indian men [13–15,17], 8% in
ndian women [16–18], 1–4% in Japanese women [20], 5% and 7%
or Indonesian men and women from Malay ancestry respectively
23], and 1.3% and 1.7% for Indonesian Chinese men and women
espectively [23]. Interestingly, there was a tendency that the dif-
erence in body fat percentage became smaller with increasing BMI
nd age [20]. In Asians, it was predicted that with increasing age, the
ody fat percentage increased to a lesser degree than in Caucasians
17,21].
Among Asians, Indians have the highest body fat percentage fol-
owed by Malays and Chinese. The suggested BMI cut-off points
or obesity are 26 kg/m2 for Indians, 27 kg/m2 for Malays and
7.5 kg/m2 for Chinese, as compared to 30 kg/m2 for Caucasians
27]. Pongchaiyatkul et al. [28] also suggested for Thai, the obesity
ut-off point should be lowered to 27 kg/m2 and 25 kg/m2 for men
nd women respectively.
It can be concluded that the difference in body fat per-
entage between Asians and Caucasians is dependent on the
egion/ethnicity. It is most pronounced in South (Indians), than
outheast (Malay) and than East Asian (Chinese/Japanese). Ethnic
ifferences in the relationship between BMI and % body fat may be
xplained by the difference in body build and frame size [9], in part
y differences in muscularity and bone mineral content [16] as well
s fat distribution and relative leg length [17].
.2. Body fat distribution
Asians tend to have a higher abdominal fat mass com-
ared to Caucasians as measured anthropometrically as waist
ircumference and waist to hip ratio or using computed tomog-
aphy as subcutaneous abdominal and visceral fat content. This
nfavourable fat distribution was found in Indians [16,17,25], Pak-
stani [29], Japanese [30,31], and Philipino [24]. For the same waist
ircumference as Caucasian, Philipino women [24] and Japanese
en [30] had a higher visceral fat and visceral/subcutaneousbdominal fat ratio. While, Park et al. [32] reported that among
ast Asians the difference in visceral adipose tissue was only found
n women. In addition, Gallagher et al. [33] found that the visceral
at depot was not significantly different between East Asians and
aucasians at low levels of adiposity.s 65 (2010) 315–319
In contrast, Chandalia et al. [14] reported that the higher abdom-
inal adipose tissue in young Asian Indian men was mostly found in
subcutaneous abdominal, while for the intraperitoneal abdominal
fat there was no difference with Caucasians. It is important to notice
that for the same level of subcutaneous abdominal fat, adipocyte
size was higher in Indians.
High levels of fatty acids along with the inability of adipose
tissue to store more lipid, induces lipid overflow to other tissues
(ectopic fat depot) [34]. One study showed that Asian Indian had a
higher intramyocellular lipid content compared to European Cau-
casians [13], while another study among Asian Indians reported no
difference compared to American Caucasian [15]. With increasing
adiposity, East Asians tended to accumulate fat as visceral fat but
not intramyocellular [33]. Japanese men also developed a higher
liver fat content compared to Caucasian men even with lower mean
BMI [31].
In conclusion, Asians in general tend to have a higher abdom-
inal fat compared to Caucasians. There was some inconsistency
as to where exactly in the abdominal region the fat was stored.
South Asians (Indian) stored more fat in the subcutaneous abdom-
inal region, while East and Southeast Asians were found to store
more fat viscerally.
3. The metabolic profile associated with the
“unfavourable” body composition in Asians
The “unfavourable” body composition in Asians implicates some
metabolic consequences. As Asians were found to have a higher
risk to develop the metabolic syndrome at a relatively lower BMI
[3], they were identified as metabolically obese but normal body
weight (MONW) [35]. The existence of a subgroup of normal-
weight individuals displaying an obesity-related phenotype was
first proposed in 1981 by Ruderman et al. [36]. These individuals
might be characterized by hyperinsulinemia and/or insulin resis-
tance, hypertriglyceridemia and high blood pressure despite having
a normal BMI (< 25 kg/m2). When compared to control subjects,
MONW subjects showed an altered insulin sensitivity, a higher
abdominal and visceral adiposity, a more atherogenic lipid pro-
file, a higher blood pressure and a lower physical activity energy
expenditure. Additionally, they were at higher risk for developing
diabetes and cardiovascular disease [35].
Among Asians, the metabolic consequences seemed to be more
pronounced in Asian Indian as shown by the high prevalence of
the metabolic syndrome, compared to other Asian countries [1,3].
Dhawan et al. [37] reported that Asian Indian who either lived in the
UK or in India, had a higher total insulin, higher triglycerides and
lower HDL than Caucasians, and that the waist to hip ratio (WHR)
was the strongest independent predictor of the blood lipid pro-
file. Forouhi et al. [13] and Misra et al. [38] confirmed that insulin
sensitivity correlated with the WHR in South Asian men, but not
with visceral fat, intramyocellular lipid, BMI and body fat. In con-
trast, Kamath et al. [18] reported an adverse blood lipid profile in
Indian and Pakistani women compared to White Americans despite
of no differences in WHR. In South Asian men, insulin resistance was
observed to occur without a higher intraperitoneal fat depot, but
was related to a large adipocyte size in subcutaneous abdominal
fat. Hence, it appears to be related more to the excess truncal fat
and dysfunctional adipose tissue than excess visceral fat [14].
After adjusting for BMI and waist circumference, Japanese were
reported to have significantly higher blood levels of triglycerides,
total-, HDL-, and LDL- cholesterol compared to Caucasians [39]. The
liver fat content was also higher despite a lower BMI and it cor-
related with triglyceride levels, insulin resistance and C-reactive
protein [31]. Egusa et al. [40] showed that among Japanese, the
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apanese migrants and Japanese who lived in Japan. The adverse fat
istribution was followed by higher fasting insulin, serum choles-
erol level and triglyceride levels in the same order.
A higher abdominal adiposity in Thai people was also signifi-
antly correlated with insulin sensitivity [41,42]. While in Philipino
omen, the prevalence of diabetes was higher at every level of vis-
eral adipose tissue compared to white. However, visceral adipose
issue did not explain their elevated diabetes risk [24].
. General discussion
Evidence showed that the high prevalence of metabolic disease
n Asia was partly explained by an unfavourable body composition.
owever, there is a lack of understanding of the ethnic-specific
ature of the association between the various components of body
omposition and morbidity sequelae [17]. For example, in con-
rast with Caucasians, the higher BMI, body fat percentage, visceral
at and intramyocellular lipid in Asian Indians did not correlate
ith insulin sensitivity [13], but waist to hip ratio did [13,37,38].
ncreased abdominal adiposity and reduced appendicular skeletal
uscle may be more important risk factors than total body fat in
sian Indians [17].
Body composition is determined by complex phenotypes for
hich multiple genetic and non-genetic factors are expected to be
nvolved [43]. Results from genetic correlation analysis revealed
ome evidence of common genetic pathways underlying certain
spects of growth and adult health outcomes, including body com-
osition and blood pressure variables [44]. Environmental factors
re important, however they cannot account for all the character-
stic of the epidemic in Asia [3]. Genetic [3,8] and intra-uterine
evelopment [8] may also play an important role. This was sup-
orted by several studies in Asian children and adolescents, which
ound that the unfavourable body composition was present from
oung age onwards. Since body composition consists of two major
ompartments, fat-free mass and fat mass, the discussion below is
ocussed on these two major body compartments.
Asian Indian babies were reported as lighter and smaller com-
ared to UK babies but the subscapular skinfold thickness was
arger [45]. The follow up study at 4 years of age, observed that the
kinfold thickness of Asian Indian children was larger whereas all
ther anthropometric measurements were smaller [46], suggest-
ng that the thin-fat phenotype is present from childhood onwards
46]. South Asian adolescents had a higher percentage of body fat
nd waist to hip ratio compared to white European. In addition,
hey had lower insulin sensitivity even though the effect of ethnic-
ty was no longer seen when body fat was included as a covariate
47].
East Asian girls and boys were reported to have a lower appen-
icular skeletal muscle mass [48] and lower gynoid fat [49] than
aucasian girls and boys respectively. The difference in body fat
ercentage of Asian and Caucasian girls varied by BMI for age, with
xcess body fatness of Asians evident only among relatively thin
hildren [50]. Sampei et al. [51] found no difference in body fat
etween Japanese and Caucasian boys, but Japanese boys had a sta-
istically lower fat-free mass. Interestingly, the gain in fat free-mass
nd the loss in body fat when attaining maturation were greater
n Caucasian boys. Singaporean boys and girls were also shorter,
ighter, had a lower BMI but a higher sum of skinfold thickness and
redicted body fat percentage than Dutch Caucasians [52].
It can be concluded that in general Asian whether observed
n South Asian adults [16,17] or in East Asian adolescents [48,51]
ad a lower lean body mass/skeletal muscle mass compared to
aucasian. Based on the interesting finding that the gain in fat
ree-mass when attaining maturation was greater in Caucasians
51], it is most likely that this was genetically determined. As 65 (2010) 315–319 317
genome wide scan study on the variation in lean body mass
was first reported by Liu et al. [53]. The study, which was repli-
cated in three independent populations, two US Caucasian and
one Chinese, reported the association between a polymorphism
in the thyrotropin-releasing hormone receptor (TRHR) gene and
variations in lean body mass. This receptor is known to have
physiological relevance to the hypothalamic-pituitary-thyroid axis
(HPTA) and the growth hormone-insuline-like growth factor-I (GH-
IGF I) axis, which are responsible for the development of vertebrae
skeletal muscle and muscle protein balance respectively [53].
Several studies found a significant correlation between fetal pro-
gramming, growing during infancy and childhood, and adult body
composition. It was consistently reported that birth weight was
positively correlated with height [54–56] and higher fat-free mass
in later life, both in Caucasians [54,56–58] and Asian Indians [59].
The genetic variation in lean body mass and the high correlation
between fat-free mass and birth weight suggest that the intra-
uterine environment might modify the effect of genes acting on
lean body mass development and therefore body composition in
later life, since lean body mass accounts for ∼60% or more of body
weight [60]. The association between birth weight and later fatness
was weaker both in Caucasians [54,61] and Asian Indians [59]. In
addition, the association with fat distribution remains controversial
and requires confirmation using more sophisticated methodology
[61]. Others suggest that infancy [58,62] and early childhood [62]
are critical periods, which have a large impact on body size and
body composition in later life. Breast feeding during infancy [58]
or dietary patterns and a sedentary life style during childhood
might be the explanation but the causal effect still needs to be
demonstrated [62]. Campbell et al. [63] reported that the stabil-
ity of body composition indicators from childhood into adulthood
was moderately high but measures of adipose tissue distribution
were somewhat lower. While, Peeters et al. [64] found that sub-
cutaneous fat distribution during adolescence was predominantly
explained by genetic factors.
Several candidate genes associated with adiposity and fat dis-
tribution have been found across populations, among them, the
FTO (fat mass and obesity related) gene may be one of the world-
wide obesity-risk genes [65]. FTO gene variants were associated
with adiposity both in Caucasian [66–70] and Asian populations
[65,71–73]. Interestingly, the action of this gene becomes evident
only after 7 years of age [74], is strengthened during childhood
and adolescence, peaked at age 20 and weakened during adulthood
[75]. Fatness induced by FTO polymorphisms in early childhood is
sustained until early adulthood, where further weight gain may
occur [76]. Taken together all these findings suggest that the action
of this gene is strongly influenced by environmental factors such
as physical activity and dietary patterns. This was supported by
several studies which reported that an increase in BMI across FTO
genotypes was found in those who had a high fat diet [77] and low
physical activity both in the Caucasian [78–80] and Chinese and
Malay population [72]. This might also explain the weaker associ-
ation between birth weight and body fatness in later life due to the
higher influence of postnatal exposure to the environment on the
action of the FTO gene.
Different variants of this gene appeared to affect obesity and
BMI in European and non-European populations [81]. In addition,
the way the FTO gene works may also influence the susceptibility
to diabetes in European and other populations [73]. The action of
the FTO gene is possibly related to how it affects fat cell lipolysis
[82]. Since there is heterogeneity in regional lipolysis in humans
[83], it may lead to differences in fat deposition. This might be one
of the possible explanations for the difference in fat distribution
towards the central fat depot in Asians [13,14,17,20,30,31]. It was
also supported by the fact that FTO gene variants were significantly
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on-visceral adipose tissue and visceral fat in Caucasians [68] and
ith waist circumference in Chinese and Malay [72].
In South Asian Indian however, FTO gene variants predisposed
o diabetes but did not entirely do so through their influence on
MI, general and central adiposity [73]. Since Chandalia et al. [14]
eported that insulin sensitivity in Indian correlated with a higher
ubcutaneous abdominal fat depot due to lipodistrophy (large
dipocyte size). Another gene affecting lypolitic capacity such as the
ormone-sensitive lipase (HSL) gene may also play a role. HSL was
eported to have a significant correlation with fat cell size [84] and
educed activity of HSL in the abdominal subcutaneous fat depot led
o a greater fat accumulation due to a lower fat mobilization [85].
owever, polymorphisms in the HSL gene were reported to result
n different adiposity phenotypes dependent on the race, gender
nd insulin level [85]. In addition, a polygenic approach found that
iabetes susceptibility can be modulated by genetic variation in
nsulin action or insulin secretion depending on the level of obesity
86]. Thus, gene-gene interaction might play a role in the suscep-
ibility to diabetes. This suggests a different possible mechanism,
ediated by body composition and fat distribution, in the devel-
pment of diabetes, in European and South Asian or other Asian
opulations that needs to be further investigated.
. Conclusion
The difference in body fat percentage between Asians and Cau-
asians is dependent on the region/ethnicity. It is most pronounced
n South (Indians), followed by Southeast (Malay) and than East
sian (Chinese/Japanese). In general, Asians tend to store more fat
n abdominal regions.
Genetic variation in lean body mass and fat mass may predispose
ndividuals in different ethnicities to a different muscularity and
diposity. The interaction with other genes or the environment,
oth prenatal and postnatal, as well as during the life course may
odify the effect of genes on body composition, fat distribution
nd the associated metabolic profiles.
ontributors
As the first author, Siti Wulan is responsible for most of the
riting of the manuscript.
Klaas Westerterp and Guy Plasqui, as supervisors of Ms. Siti
ulan, have contributed by discussing the content of the paper,
s well as reviewing and correcting the manuscript.
ompeting interests
The authors have no conflicts of interest.
rovenance and peer review
Commissioned and externally peer reviewed.
cknowledgements
This work was supported by the Directorate General Higher
ducation, Ministry of National Education of Indonesia.
eferences[1] King H, Aubert RE, Herman WH. Global burden of diabetes, 1995–2025: preva-
lence, numerical estimates, and projections. Diabetes Care 1998;21:1414–31.
[2] Cockram CS. Diabetes mellitus: perspective from the Asia-Pacific region. Dia-
betes Res Clin Pract 2000;50(Suppl 2):S3–7.




s 65 (2010) 315–319
[4] Lear SA, Humphries KH, Kohli S, Birmingham CL. The use of BMI and waist
circumference as surrogates of body fat differs by ethnicity. Obesity (Silver
Spring) 2007;15:2817–24.
[5] Romero-Corral A, Somers VK, Sierra-Johnson J, et al. Accuracy of body mass
index in diagnosing obesity in the adult general population. Int J Obes (Lond)
2008;32:959–66.
[6] Deurenberg P, Deurenberg-Yap M. Validation of skinfold thickness and
hand-held impedance measurements for estimation of body fat percentage
among Singaporean Chinese, Malay and Indian subjects. Asia Pac J Clin Nutr
2002;11:1–7.
[7] The burden of overweight and obesity in the Asia-Pacific region. Obes Rev
2007;8:191–6.
[8] Pan WH, Yeh WT, Weng LC. Epidemiology of metabolic syndrome in Asia. Asia
Pac J Clin Nutr 2008;17(Suppl 1):37–42.
[9] Deurenberg P, Deurenberg Yap M, Wang J, Lin FP, Schmidt G. The impact of
body build on the relationship between body mass index and percent body fat.
Int J Obes Relat Metab Disord 1999;23:537–42.
10] Deurenberg P, Deurenberg-Yap M. Differences in body-composition assump-
tions across ethnic groups: practical consequences. Curr Opin Clin Nutr Metab
Care 2001;4:377–83.
11] Deurenberg P, Deurenberg-Yap M, Foo LF, Schmidt G, Wang J. Differences in
body composition between Singapore Chinese, Beijing Chinese and Dutch chil-
dren. Eur J Clin Nutr 2003;57:405–9.
12] Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different from Cau-
casians and from each other in their body mass index/body fat per cent
relationship. Obes Rev 2002;3:141–6.
13] Forouhi NG, Jenkinson G, Thomas EL, et al. Relation of triglyceride stores in
skeletal muscle cells to central obesity and insulin sensitivity in European and
South Asian men. Diabetologia 1999;42:932–5.
14] Chandalia M, Lin P, Seenivasan T, et al. Insulin resistance and body fat distribu-
tion in South Asian men compared to Caucasian men. PLoS One 2007;2:e812.
15] Nair KS, Bigelow ML, Asmann YW, et al. Asian Indians have enhanced skele-
tal muscle mitochondrial capacity to produce ATP in association with severe
insulin resistance. Diabetes 2008;57:1166–75.
16] Rush EC, Goedecke JH, Jennings C, et al. BMI, fat and muscle differences
in urban women of five ethnicities from two countries. Int J Obes (Lond)
2007;31:1232–9.
17] Rush EC, Freitas I, Plank LD. Body size, body composition and fat distribution:
comparative analysis of European, Maori, Pacific Island and Asian Indian adults.
Br J Nutr 2009;102:632–41.
18] Kamath SK, Hussain EA, Amin D, et al. Cardiovascular disease risk factors in
2 distinct ethnic groups: Indian and Pakistani compared with American pre-
menopausal women. Am J Clin Nutr 1999;69:621–31.
19] Ko GT, Tang J, Chan JC, et al. Lower BMI cut-off value to define obesity in
Hong Kong Chinese: an analysis based on body fat assessment by bioelectrical
impedance. Br J Nutr 2001;85:239–42.
20] Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd PR, Sakamoto Y.
Healthy percentage body fat ranges: an approach for developing guidelines
based on body mass index. Am J Clin Nutr 2000;72:694–701.
21] Chung S, Song MY, Shin HD, et al. Korean and Caucasian overweight pre-
menopausal women have different relationship of body mass index to percent
body fat with age. J Appl Physiol 2005;99:103–7.
22] Chang CJ, Wu CH, Chang CS, et al. Low body mass index but high percent body
fat in Taiwanese subjects: implications of obesity cutoffs. Int J Obes Relat Metab
Disord 2003;27:253–9.
23] Gurrici S, Hartriyanti Y, Hautvast JG, Deurenberg P. Differences in the relation-
ship between body fat and body mass index between two different Indonesian
ethnic groups: the effect of body build. Eur J Clin Nutr 1999;53:468–72.
24] Araneta MR, Barrett-Connor E. Ethnic differences in visceral adipose tissue
and type 2 diabetes: Filipino, African-American, and white women. Obes Res
2005;13:1458–65.
25] Cruz ML, Evans K, Frayn KN. Postprandial lipid metabolism and insulin sensi-
tivity in young Northern Europeans, South Asians and Latin Americans in the
UK. Atherosclerosis 2001;159:441–9.
26] Kagawa M, Kerr D, Uchida H, Binns CW. Differences in the relationship between
BMI and percentage body fat between Japanese and Australian-Caucasian
young men. Br J Nutr 2006;95:1002–7.
27] Deurenberg-Yap M, Schmidt G, van Staveren WA, Hautvast JG, Deurenberg
P. Body fat measurement among Singaporean Chinese, Malays and Indians:
a comparative study using a four-compartment model and different two-
compartment models. Br J Nutr 2001;85:491–8.
28] Pongchaiyakul C, Nguyen TV, Kosulwat V, et al. Defining obesity by body mass
index in the Thai population: an epidemiologic study. Asia Pac J Clin Nutr
2006;15:293–9.
29] Pollard TM, Unwin N, Fischbacher C, Chamley JK. Differences in body composi-
tion and cardiovascular and type 2 diabetes risk factors between migrant and
British-born British Pakistani women. Am J Hum Biol 2008;20:545–9.
30] Kadowaki T, Sekikawa A, Murata K, et al. Japanese men have larger areas of
visceral adipose tissue than Caucasian men in the same levels of waist cir-
cumference in a population-based study. Int J Obes (Lond) 2006;30:1163–
5.
31] Azuma K, Kadowaki T, Cetinel C, et al. Higher liver fat content among Japanese
in Japan compared with non-Hispanic whites in the United States. Metabolism
2009;58:1200–7.
32] Park YW, Allison DB, Heymsfield SB, Gallagher D. Larger amounts of visceral






















































S.N. Wulan et al. / Ma
33] Gallagher D, Kuznia P, Heshka S, et al. Adipose tissue in muscle: a novel depot
similar in size to visceral adipose tissue. Am J Clin Nutr 2005;81:903–10.
34] Montani JP, Carroll JF, Dwyer TM, Antic V, Yang Z, Dulloo AG. Ectopic fat stor-
age in heart, blood vessels and kidneys in the pathogenesis of cardiovascular
diseases. Int J Obes Relat Metab Disord 2004;28(Suppl 4):S58–65.
35] Conus F, Rabasa-Lhoret R, Peronnet F. Characteristics of metabolically obese
normal-weight (MONW) subjects. Appl Physiol Nutr Metab 2007;32:4–12.
36] Ruderman NB, Schneider SH, Berchtold P. The “metabolically-obese,” normal-
weight individual. Am J Clin Nutr 1981;34:1617–21.
37] Dhawan J, Bray CL, Warburton R, Ghambhir DS, Morris J. Insulin resistance, high
prevalence of diabetes, and cardiovascular risk in immigrant Asians. Genetic or
environmental effect? Br Heart J 1994;72:413–21.
38] Misra A, Sinha S, Kumar M, Jagannathan NR, Pandey RM. Proton magnetic
resonance spectroscopy study of soleus muscle in non-obese healthy and
Type 2 diabetic Asian Northern Indian males: high intramyocellular lipid
content correlates with excess body fat and abdominal obesity. Diabet Med
2003;20:361–7.
39] Iwao N, Iwao S, Muller DC, et al. Differences in the relationship between lipid
CHD risk factors and body composition in Caucasians and Japanese. Int J Obes
(Lond) 2005;29:228–35.
40] Egusa G, Watanabe H, Ohshita K, et al. Influence of the extent of westerniza-
tion of lifestyle on the progression of preclinical atherosclerosis in Japanese
subjects. J Atheroscler Thromb 2002;9:299–304.
41] Rattarasarn C, Leelawattana R, Soonthornpun S, Setasuban W, Thamprasit A.
Gender differences of regional abdominal fat distribution and their relation-
ships with insulin sensitivity in healthy and glucose-intolerant Thais. J Clin
Endocrinol Metab 2004;89:6266–70.
42] Stolk RP, Suriyawongpaisal P, Aekplakorn W, Woodward M, Neal B. Fat distri-
bution is strongly associated with plasma glucose levels and diabetes in Thai
adults-the InterASIA study. Diabetologia 2005;48:657–60.
43] Chagnon YC, Rice T, Perusse L, et al. Genomic scan for genes affecting body
composition before and after training in Caucasians from HERITAGE. J Appl
Physiol 2001;90:1777–87.
44] Czerwinski SA, Lee M, Choh AC, et al. Genetic factors in physical growth and
development and their relationship to subsequent health outcomes. Am J Hum
Biol 2007;19:684–91.
45] Yajnik CS, Fall CH, Coyaji KJ, et al. Neonatal anthropometry: the thin-fat
Indian baby. The Pune Maternal Nutrition Study. Int J Obes Relat Metab Disord
2003;27:173–80.
46] Krishnaveni GV, Hill JC, Veena SR, et al. Truncal adiposity is present at birth and
in early childhood in South Indian children. Indian Pediatr 2005;42:527–38.
47] Ehtisham S, Crabtree N, Clark P, Shaw N, Barrett T. Ethnic differences in
insulin resistance and body composition in United Kingdom adolescents. J Clin
Endocrinol Metab 2005;90:3963–9.
48] Song MY, Kim J, Horlick M, et al. Prepubertal Asians have less limb skeletal
muscle. J Appl Physiol 2002;92:2285–91.
49] He Q, Horlick M, Thornton J, et al. Sex-specific fat distribution is not linear
across pubertal groups in a multiethnic study. Obes Res 2004;12:725–33.
50] Freedman DS, Wang J, Thornton JC, et al. Racial/ethnic differences in
body fatness among children and adolescents. Obesity (Silver Spring)
2008;16:1105–11.
51] Sampei MA, Novo NF, Juliano Y, Sigulem DM. Anthropometry and body
composition in ethnic Japanese and Caucasian adolescent boys. Pediatr Int
2008;50:679–86.
52] Deurenberg P, Bhaskaran K, Lian PL. Singaporean Chinese adolescents have
more subcutaneous adipose tissue than Dutch Caucasians of the same age and
body mass index. Asia Pac J Clin Nutr 2003;12:261–5.
53] Liu XG, Tan LJ, Lei SF, et al. Genome-wide association and replication studies
identified TRHR as an important gene for lean body mass. Am J Hum Genet
2009;84:418–23.
54] Chomtho S, Wells JC, Williams JE, Lucas A, Fewtrell MS. Associations between
birth weight and later body composition: evidence from the 4-component
model. Am J Clin Nutr 2008;88:1040–8.
55] Elia M, Betts P, Jackson DM, Mulligan J. Fetal programming of body dimen-
sions and percentage body fat measured in prepubertal children with a
4-component model of body composition, dual-energy X-ray absorptiome-
try, deuterium dilution, densitometry, and skinfold thicknesses. Am J Clin Nutr
2007;86:618–24.
56] Weyer C, Pratley RE, Lindsay RS, Tataranni PA. Relationship between birth
weight and body composition, energy metabolism, and sympathetic nervous
system activity later in life. Obes Res 2000;8:559–65.
57] Singhal A, Wells J, Cole TJ, Fewtrell M, Lucas A. Programming of lean body mass:
a link between birth weight, obesity, and cardiovascular disease? Am J Clin Nutr
2003;77:726–30.
58] Eriksson M, Tynelius P, Rasmussen F. Associations of birthweight and infant
growth with body composition at age 15—the COMPASS study. Paediatr Perinat
Epidemiol 2008;22:379–88.
59] Sachdev HS, Fall CH, Osmond C, et al. Anthropometric indicators of body com-
position in young adults: relation to size at birth and serial measurements of




s 65 (2010) 315–319 319
60] Liu X, Zhao LJ, Liu YJ, Xiong DH, Recker RR, Deng HW. The MTHFR gene poly-
morphism is associated with lean body mass but not fat body mass. Hum Genet
2008;123:189–96.
61] Wells JC, Chomtho S, Fewtrell MS. Programming of body composition by early
growth and nutrition. Proc Nutr Soc 2007;66:423–34.
62] Ekelund U, Ong K, Linne Y, Neovius M, Brage S, Dunger DB, et al. Upward weight
percentile crossing in infancy and early childhood independently predicts fat
mass in young adults: the Stockholm Weight Development Study (SWEDES).
Am J Clin Nutr 2006;83:324–30.
63] Campbell PT, Katzmarzyk PT, Malina RM, Rao DC, Perusse L, Bouchard C. Sta-
bility of adiposity phenotypes from childhood and adolescence into young
adulthood with contribution of parental measures. Obes Res 2001;9:394–400.
64] Peeters MW, Beunen GP, Maes HH, et al. Genetic and environmental determi-
nation of tracking in subcutaneous fat distribution during adolescence. Am J
Clin Nutr 2007;86:652–60.
65] Cha SW, Choi SM, Kim KS, et al. Replication of genetic effects of FTO polymor-
phisms on BMI in a Korean population. Obesity (Silver Spring) 2008;16:2187–9.
66] Cecil JE, Tavendale R, Watt P, Hetherington MM, Palmer CN. An obesity-
associated FTO gene variant and increased energy intake in children. N Engl
J Med 2008;359:2558–66.
67] Franks PW, Jablonski KA, Delahanty LM, et al. Assessing gene-treatment inter-
actions at the FTO and INSIG2 loci on obesity-related traits in the Diabetes
Prevention Program. Diabetologia 2008;51:2214–23.
68] Haupt A, Thamer C, Machann J, et al. Impact of variation in the FTO gene on
whole body fat distribution, ectopic fat, and weight loss. Obesity (Silver Spring)
2008;16:1969–72.
69] Kring SI, Holst C, Zimmermann E, et al. FTO gene associated fatness in relation to
body fat distribution and metabolic traits throughout a broad range of fatness.
PLoS One 2008;3:e2958.
70] Lappalainen TJ, Tolppanen AM, Kolehmainen M, et al. The common vari-
ant in the FTO gene did not modify the effect of lifestyle changes on body
weight: the Finnish Diabetes Prevention Study. Obesity (Silver Spring) 2009;
17:832–6.
71] Chang YC, Liu PH, Lee WJ, et al. Common variation in the fat mass and obesity-
associated (FTO) gene confers risk of obesity and modulates BMI in the Chinese
population. Diabetes 2008;57:2245–52.
72] Tan JT, Dorajoo R, Seielstad M, et al. FTO variants are associated with obe-
sity in the Chinese and Malay populations in Singapore. Diabetes 2008;
57:2851–7.
73] Yajnik CS, Janipalli CS, Bhaskar S, et al. FTO gene variants are strongly
associated with type 2 diabetes in South Asian Indians. Diabetologia 2009;
52:247–52.
74] Hakanen M, Raitakari OT, Lehtimaki T, et al. FTO genotype is associated
with body mass index after the age of seven years but not with energy
intake or leisure-time physical activity. J Clin Endocrinol Metab 2009;94:1281–
7.
75] Hardy R, Wills AK, Wong A, et al. Life course variations in the associa-
tions between FTO and MC4R gene variants and body size. Hum Mol Genet
2009.
76] Jess T, Zimmermann E, Kring SI, et al. Impact on weight dynamics and general
growth of the common FTO rs9939609: a longitudinal Danish cohort study. Int
J Obes (Lond) 2008;32:1388–94.
77] Sonestedt E, Roos C, Gullberg B, Ericson U, Wirfalt E, Orho-Melander M. Fat and
carbohydrate intake modify the association between genetic variation in the
FTO genotype and obesity. Am J Clin Nutr 2009;90:1418–25.
78] Andreasen CH, Stender-Petersen KL, Mogensen MS, et al. Low physical activ-
ity accentuates the effect of the FTO rs9939609 polymorphism on body fat
accumulation. Diabetes 2008;57:95–101.
79] Cauchi S, Stutzmann F, Cavalcanti-Proenca C, et al. Combined effects of MC4R
and FTO common genetic variants on obesity in European general populations.
J Mol Med 2009;87:537–46.
80] Vimaleswaran KS, Li S, Zhao JH, et al. Physical activity attenuates the body mass
index-increasing influence of genetic variation in the FTO gene. Am J Clin Nutr
2009;90:425–8.
81] Grant SF, Li M, Bradfield JP, et al. Association analysis of the FTO gene with
obesity in children of Caucasian and African ancestry reveals a common tagging
SNP. PLoS One 2008;3:e1746.
82] Wahlen K, Sjolin E, Hoffstedt J. The common rs9939609 gene variant of the fat
mass- and obesity-associated gene FTO is related to fat cell lipolysis. J Lipid Res
2008;49:607–11.
83] Jensen MD. Lipolysis: contribution from regional fat. Annu Rev Nutr
1997;17:127–39.
84] Reynisdottir S, Dauzats M, Thorne A, Langin D. Comparison of hormone-
sensitive lipase activity in visceral and subcutaneous human adipose tissue.
J Clin Endocrinol Metab 1997;82:4162–6.85] Garenc C, Perusse L, Chagnon YC, et al. The hormone-sensitive lipase gene and
body composition: the HERITAGE Family Study. Int J Obes Relat Metab Disord
2002;26:220–7.
86] Cauchi S, Nead KT, Choquet H, et al. The genetic susceptibility to type 2 diabetes
may be modulated by obesity status: implications for association studies. BMC
Med Genet 2008;9:45.
